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(57) Abstract: 



PURPOSE: A column 
selection line driver circuit 
has an improved column 
selection speed, and reduces 
a data output time from a< 
data input/output command 
signal. 

CONSTITUTION: A column 
selection line driver circuit 
includes a column selection 
line driving part(40) which is 
enabled by a column latch 
signal latching a column 
address, and generates a 
column selection circuit which 
is disabled by a data 
input/output command signal 
being a command signal of 
the column address. The 
column selection line driving 
part(40) includes a master 
clock generator, a column 
address latch part, and a 
column selection line. The 
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master clock generator is 
enabled by the column latch signal, and generates a master clock which is 
disabled by the data input/output command signal. The column address latch part 
generates an input address responsive to the column latch signal to the column 
address. The column decoding part inputs the master clock and the column 
address, and drives a column selection line corresponding to the column address. 
Thereby, the circuit reduces a data output time(tDAC), and improves a data 
reading speed. 

COPYRIGHT 2000 KIPO 
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(51) Int. CI. 



(19) CH^ei^^diS(KR) 

d2) g«^ss(Bi) 

6 (45) Sll^Xf 2001B12§!17gl 

G11C 11/407~" < 11 > 10-0311038 
j (24) ^m^X[ 2001^09^22^ 

(21) m^^s. 10-1998-O038412 (65) g^ieia ^2000-0020012 

(22) grgigJih laaaaoafl-iza (43) S2igm 2000^04^15^ 

(73) ^oi^Xf ^^SJAf 

4*S!AI m^=? 0H&3§ 416 

(72) ^SX} 

Ai^H^AI £^§ 3HSe*<y0Him 3 g 305s 

(74) CHdlQi 3!*^. OIS^ , g£T&J 

A'Af& : 

(54) i^d^£:H:>H<Mgf^d^a^ 

JHdSOH Ql 01 EH SSdsM^EH CHIOlEi^ ^£l£r AIZ.^ ^£AI9I^ ^idd^ 

gjoj ^§§1^21 OIM ^blel QllSdl §ii §J 3121 ^Pe^EOil &6H ZMXHorH S ^SOil OQ^ 

I^d^£J ^i^J^n, U@ CHSeil^M £Hx|A|3|^ I^8Hxl d^Oil g&moi 2i Oil OIMSIIQ , 

fJg CHEai^SJ gg^M^oi Qil 01 EH °Jg» S^d^OII ^&6 r 01 P^CHIOIMS^ l^d^ £13. M 

i^d^ei ?§^i ^pbiom, ^§ehxi<m^^ chi oi bh sg^issa ^§ ail* exi &j 

£ 1^ ^BH2J CHieai § XI Oil °±0\M Ql OI EH <*A||^ A| ZH tD AC) it Xll^ofe 24:11 ggSPI £ 
A|» EfOISSOICh 

£ 2^ ^ gtsoii njg oiiee.i gxisj &e ue>lh = meoicl 

£ 3£ £ 221 DilSe.1 *IICH¥0ilA1 2* a Sl£2| M^EOID. 

£ 4S= £ 3 Oil £A|9 O^EI &&¥S\ gJ OHM fiW^fe £1££0ID. 

£ 5i= £ 3 Oil £AIE! S ffigSj OilSEI &X\W ^§6^ d^M2J E}OI°'£0|C|. 



£M//£> ^» 

maoi ^attr j/g sf n mow ma&i& 

m ggg ^£xii oiieai s*i §y n ?§»goii aa 2^Ai, ^6i us^es ^£;>> jh^s i^^s*! 
efej ^ssisa oia ?ui& oiisai gxi % hmsi ^sgraoii mm aoicf. 

gjg[Sj2£ t^Ei AI±U2J £^ ¥ioHA1^ CPU2J ^£ 3^3} CH^CH ( CPU 3^ Q.=?o\^ CHI 

01 EH . 5§3^ mm Xi&SPI fl» 01l£dl §x|2] #^^£ »^0| 299^. Qil££l §x|2| §S[^£ 
M »&A|9PI ^oH sl^Ollfe H^IHIOIXI ££ Cl^(fast page mode ORAM) , EOO(Extended Data Output) 
ORAM, §31*1 (Synchronous) ORAM. OOR(Oouble Data Rate) ORAM. Rambus DRAM ^01 ^H^9 br 2i£CH, 01 
MS B?i AiefS ^Je^ GilOlEi^ (bandwidth) 2J g^rM §6^01 OilSdl §X|SJ 3^5fM 

□anu. oi oiiesi %z\m mw\M . 0H£eii^2f cH£ai^°j s^oi ai^ d§ aisoii 

Ai ^'^£J^ Olieei 0\\m ^W4: Cl^ (Rambus 0RAM)2j S^. 0i£Sll^2| S^OI S^£l 

A|go^ ¥E1 GJIOI EH (RO)^h m^^M ^Q£J^ AILUdata access time. 0181 t0AC)°J fll^ k 2§ 

ejsH ssr ^£^^ xn&aa. ois £ 1011 £Aie aoiass sssfoi saea. 
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2 g2H2J Dlieei SxlOII 2JCHAH tDACM fll^oh^r 2^11 ggSPI ^6H £A|^ E*OI£j£OICL 

E \m S53fB, Al^g e^(CLK)Oil §?IS0i °J^S^ Oi^ejl^(Ai)^ I^BHxl <M a(COLLAT) Oil §g 
of 01 CHHai^(CAi)^ tt£S3I>. 01^ £J^£J^r CHIOIEH g g d^(COLCYC) Oil m%o\0\ U\± 

& ^(COLMASTER)OI tf^SQ . Oh^EH S 3 (COLMASTER)Oll e Boh 01 . Itg 

CH25ll^(DCAi jph ttgEIH. fig Oi Hfill ^(OCAi j ) Oil 6HS£Itt &©£je!Ste!8 ?§o[b 

£JS(CSL)^ £fg^£!Ch. 

oixng vstisj <ys(csL):>> s*oi ai^ s^sis, di^oi gi^gynoii oj 6H qioiepi ^i* 
eiej^do. 108)011 ^ai^i sa. □ sai. ^ei(io)^ &s e}°j(iob)oii^ a&x* 
:>h ^32, aa»?f sjssuavio) oi&oi si^ aisoii/h gioieh s^ds(coLCYC)oii sum gj 
aji^oho ejo«oig6is(PiosE)^ ej on oisacn qioiekrd)^ i^^a. 

OMM, OI2£ll±3 4=d S^Ol °J<*£l£r A|§ = , CHIOIEH SJS^ S^<i!s(C0LCYC)2j SgS* A|g£S 
^EH Cil 01 EH (RO)^h S^ami»HISJ Al^oi tOAte, DilSdl Sx|£| ^61, ^£(read 

speed)S SSofb HI2J011EHOIQ. 

DSHU §SH 31^011 <M£(CSLM BXI CHIOI EH 2J£^ S § 6! S ( COLCYC ) Oil 2JSH 

^§g^i n^ou toAC^F aci. ^. qioiei ggfcjstcoLCYOoii °\m &2£ej <ms(csd^ &g 

311, 01 CHI 2JoH aej»(IO. I0B)2| CHI 01 EH 1\ CIESHSOI i§el 2 %x\ 01 ( AVIOph 

m 2*ej»(io, io8)chi UE>y ^oiiot bis^ giioieurd)^ t^sa. nam. ^ ajej»(io. 

108)011 QIOIEI^ CISSH El 31 ^6H/Hi= Oh^EH (COLMASTER) Sfg. C|3g, ^ ^dh°l 

eoi i23Q, oi&i& 2*^21 §^on^ ^§ aizioi ^2921 oiisai §xi°i ^^s^ xii^a 

a. 

0|2f 1*01, §e« 2 1 £011 tth = £ QIOIEI gJ#^ g§6!£(COLCYC)0ll SJ5H ^^<^^ dffi(CSL)^ 
(HieOII CHI 01 EH ^OiXIfe g*H3|- Si CI. 



h waoi oi^puxh 21*21 2f«i^, ^s^f ^H^a ^g^^^ej ^esj^2f oib =?m 

e Oil 22.1 SxIM MEo\^ 5iOIQ. 

s ^soi oi¥nxf ci^ ^i^^ ufjiife. ^^1 =?mm^ ^ cHisai sxi 



^>oi jftjii* Bfls^i as s ^soii ^^<y^£f&j ^mm^, ^^o\^\±m anxiAi^i^ 

2Hxl eS^OI eJ0UOIM3H. ^^1 CHH£II^2J CilOIEH EJ^^ S^^sOII g& 

^^i ^xii^h^, ^^1 i^eiixi tisiou igofoi oionoiMan. ^,01 chioieh 

°<m^ g^d^Oil g&ohOI CI^OIIOIMQ^ Of^CH ^^6^ O^EH m^i 

eH XI i&ofOj CH^eil^M CHH^l^S ^ CHEBil^ SHxl¥M ^bl oh 

cm. &:>i Dh^a ^^a- ^^1 oiesii^m a^moi ^^1 oineii^oii en & ^^tt^&zim 
^§ofb irg ci3S¥i ^biecf. 04 ^1 on ah , ^^bhxi^s^ chioieh s^tiisci ^§ ai^ 
eixn ejoiioiMSfe <M^g.g s §2 g §hch 

3£IH, ^Pl Oh^EH ^^¥^. ^>0| iT^EHxl <L1^£| ^BOII ^ Boh 01 ^§ AIZ^#^ &^!6h^ 

^11 l^g fe^oh^ «I1 ^^3|2f, CHI 0 1 EH gje^ g^61^oj ^ 90| , e&Sh04 ^§ AI21S 

^ &^Sh^ 3QI2 1^1 ^^ohfe «|2 g*£PI2h ^^1 7HM S^OII e&ohOI S^£|H ^12 ^^Oil 

g&ohOI b|S^!£l^ £J\ Qh^EH ^ v ^6h^ Oh^EI ^T^^IM ^Ol^Cf. 

^31 2hJ3IM ^^oh^l S g^SOII CEh^ 0112^1 SXl^. i^S CHEeil^M £Hx|AI5l^ VBEHXI 

21 ^Ol OIHeil^Hi ^di ggoh^ CHIOIEH SJ^^ g ^61^011 gSohOI ^J^£l^ 4^1 OiHSil^ 

m o«S£|^ ^g^^afSJ^ ^S6h^ ^g^j^eioi ipg^e ?b|^Ch. SEe[, ^>OI OllSdl 

sxisi bi^ahej chi oi eh m 2^xi e^oh^ biM^ei snsf, ^^i ^g<y^dfoj^ s^oii g&6h 

04, 401 m^B bl^EieJ CHI 01 EH M gj^^^oj^^ 2^ohi= CHIOIEH 

ggdsoii gsohw gj^^ eioiioiM &m.m ^^oh^ £U^h xiicH¥2h. 

^^i gje^ £f&!2^ biMdfei chioieim ^xi §=512, ^^i eioiioiM d 

S£| S^^OII 2JoH. ^31 ^ B}21 CHI 0 1 EH M 2J£^ 2^6h^ EJ^^ 

d!!^ an ch ^Pbiohoi. ^pi irg^eieieie BgeHxi <y^oii g&ohoi ejonoiMsin. ^>oi chi 

01 EH gJg^ 61 SOII e&ohOI CI ^011 01 m& Q. CM ^1 Oil AH . ^gaHxl61^^ CHIOIEH Si^aS 
O £3 AIZ! 91XH £J0il0IM9£r 61sgJ^ ^S2S e[Cf. 

401 CIS 3|^^j 3f»IM ^^oh^l fltt £ gfSOII OChS 01I2£| =?^^^^, 0\E:d\\±m 4= 61 oh 

u ^ gen xi <m^2| <y&oii e&shoi cHEdi^e ^^ohn ens <y^dheie s^&a. &3i 

^g^ejSfPjpj S^SOII geolOI bl^^oj own CHI 2J6H CHI0IEIM EJ^^^ei^S s 

^6hI2 t ^31 ^geUXI<ysSCI AIZI ^Oll ojOIIOIMa^ CHIOIEH £J£<* S§<yS£| <^Ef Oil e&oh 

04 gj§» oioiioim tt&m mg®o\o\ m\ ^ ^m^&zisi cuoiehm ss^eiei 

^, ^Ol CHI 01 EH EJS^ Sida°J £B0il g&ohOI ^Ol ^g^^EfeiM b|&^^Cf. 

^pi as 3i«im &^6h^i s ^soii ahE ^^Biej ?§^se, oiHeii^M gjsssm, ua 

EH XI 61 SOII e&ohOI Ej^@ O^Ecll^M 01231^ ^^S[2, Dh^Ei ST^&a. m\H, 

£D\ Qh^EH ^^31 ^31 &g CHH^I^g ^616101 HSI l= h g OiESI^M ^^6hJ2, fe^l H 
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El OiEeil^Oil oH2EI£r BHtfSiafejg »g& QM, &3I 2J£^ £*H2| ?§I 

xiioio^ C-1101& ^^tims] <y eoii e&oK* £>oi &g g^aiem bisg^c*. cm chi ah . giioi 

& gjgs* S§ dab BS2HXI6ISSC* ^§ AIZ! -Oil ejOilOIMSfe daOID. 

& wsoii (Dia, ^neiixi <ysoii gsstoi irg^^ai&ig oiei s^sai^ s ^ eh chi ah giioi eh sjs 

^ Sl^Jfi^ IDISOll. CHI 01 El 2J^« Sg<Ms ^Al o5f ^§A|^ 4^ 2i 

Ch CD El AH , BS £§» ^EJf 3H£9Bi 3 g^. GIIOI EH gjg^ g§6i££*?*Ei CHI 01 EH #^£iifr A| 
2} SI tOAC3> ^4:301 CHIOIEH ^£3* 8^80. 

01 oL £31 £28101 5 ^SI CH^ & All 5*311 ggofiXJ ttO. 

£ 2^ s ggoii mm oiisei §xi2i m^e^ah . cHseii^si- cheeii^si ^usgoi ah^ am 

Al SOll AH 2J§*£|^ CI i§ (Rambus ORAM) HI §?1 OIIS HCH gg^Q. 

S gfSOII CD^ OilSEI §Xli=. SJEIBIIOI£(intefface)¥(10). OilSBI ^ XIIOi¥(20), ^ OIISEI g 01 

aioi¥(3om ?bie*p. 

&3I 2lEiIHIOI^¥(10)fe:, E!g(OI£A|)§ BoW M^!(CLK)Oil S3IS gg6l^(CMD)U 

CHESll^(Ai)S 4=do^, (HIS El* XII Oio^ HICHAM O03CH BS2HXI £]s(COLLAT), CHI 0| EH 
S^ds(COLCYC) §2J XII 01 £J a MB CHE2il^(Ai I )M tt»&Ch 

BlBHxl £!s(COLLAT)£r BS CHEfll^M EHx| Al^lfe £!^MAH , ^Elfe CHE2ll:±:(Ai ' )0\ BB 

oisai^gje xiaio^ d^oia . nam, ^i chioieh sgsi «^<m^(colcyc)^ £M che^i^ai') 

21 ^<M§ ggfe £!^^AH , ^}| B^BHXI <M^(COLLATpf- #£9 ^011 S^SCt. 

&}| oi & m|0|^V(10)^ SE01IAH CHIOIEH eiM(OISAI)e SoH SJ^£J^ CHI 0 1 EH ( D I N ) M 2 1 

°J CHIOIEH(WD)^ »»8Hn. ^ £ E Oil AH OIISEI XII CH ¥(20)S¥EH #^£Ji= CHIOIEI(RD) 

s &:>i chioieh ^mm mmm sskh mm aioiEKoounsAi &3i ^isj chioi eh(wd)& 

CHI0IE1(RD)i=r Ef2J SE^ Ef2]SM dHtffi 4^ SID. 

&3I DIISEI gj XHICH¥(20)fe. &3| 21 EjEIO|^¥( 10)^¥EI OiEB||^(Aj ' )2* S g^s^(COLLAT. 
COLCYOM 4^^m0< ^TPI 0H2EI ^ CH£]|0|¥(30)2J 6HS OIHfill^M XI §6^ ^g<^^ d^(CSL)M S 
Smfe 04*21 <M^g »»AIS!Cf. 

3£|2, DilSEI ^ JHICH¥(20)^ ^^1 ^^<^^ 61s(CSL)0il M&o^ , 0II2EI JIICHd^ 

¥(10)^¥EH 4-^9 ^I^J CHIOIEKWOm ^Pl 0H2EI «j CH£II0I¥(30) U SI 3HS CHI S El SICHI P|^)o^>l 
U. ^^I Wieai ^ CHSII0I¥(30)^ ¥EH 4=^1^ Q]OIEI(RD)g »^SQ. 

^71 NISEI ^ «IOH¥(20)2f (MIS £4 ^ Oiej|OI¥(30) M0|2| ^1 SJ#^ ^21(10, I08)M 

e6H oi^oixiffl, ^oi oil e ei ^ xnoi¥(2o)^ &oi ug<yei 6J^(csdm g^amfe saaei2jei 

SI^M =Ptil»D. ^^1 ^^<y^Ef2J ?eSJ^2| ^PxHI^i M^S^ E 3011 SAISCH %LQ . 

S 3^ £ 221 (HIS El £! 7HICH¥(20)0II M 21 Sl^2| M^S^AI , CHIOIEH S^(read 

path)M SOj^D. 

S &S2I CHISEI §x|2| 0HI2EI *J XilOI¥(20)fe, ^^<y^Ef2! (40)21, XHl CH 

¥(90) ^11^^H(95)M ^Hl^Cf. 

^>0| ^g<y^E^2i ^§31^(40)^. ^^MEH(5) 0112101 ^HH^(Rambus) 2i^M^2l 21 EUHI 0|^¥( 10)S 
e§H ^^3^ ^Ol ^SEHxl <M^(COLLAT)£f 4^1 CHIOIEH 2J#§! S g <i!s(C0LCYC) Oil gSoFOI, SJ^SJ 

cHsai^(Ai')e ass^a. nam, oiEai^(Aii)oii shss^ ^^<y^Efe]^ ^esib 

^g<M ^ <^(CSL)i= bh^^oPI^^, ^,^1 ^^BHxl <M^(C0LLAT)0ll M&otOl 2i Oil 01 S£| H , ^ 
PI CHIOIEH Sg<U^(COLCYC)Oil ^SoK)| CI^OIIOIM^O. 3E|H, &0\ 21 El IHIO|^¥( 10)fe ^^l 

^bH^: XI|0iP|(5)^¥EH ^^21 Sa^(CMO. Ai , DIN, DOUDM 4^6JoHl OIM £t*ohOI 
«|OH<M^e(C0LLAT. C0LCYC)3f 01Sfill^(Ai 1 )S ^^^Cl. 

^g^^EfO] ^§51^(40)^ S 3011 SA|@ b^2f aoi. Q^EH M^l^^¥(50)2f. Bg CHSeil^ 
£HXI¥(70) ^ Bg C|2S¥(80)M ?b|&Q. 

^>0| O^EH ^^¥(50)fe. ^Ol SgEHXI <^ s(COLLAT)0|| e&ofOI 2JOIIOIM£II1, CHIOIEH £J 

mm S^ds(COLCYC)OII fSofOI CI ^011 01 MS ^ O^EI M ^ ( COLMASTER ) m . 

£0\ OHSeil^ 2HXI¥(70)^. ^m^X\ <MS(C0LLAT)0II ESo^OI EJ^S^ 01Sfi||^(Ai ' )m 

&m 0HS£ii^(CAi)^ ar^&cf. 

P2§¥(80)fer. £D\ Q\±& M ^ ( COLMASTER ) 31- 01Sai^(CAi)M ^^6^01 £J\ 

O|Sail4:(CAi)01l 5HS£lfe ^^^^Ef2!s ?§6ffe ^g^ej <m^(CSL)M 3EIH, ^Pl 

C|3£!¥(80)i= b^Slo^lfe, O^Ei (COLMASTER) Oil gSoKX CHSeil^(CAi )€ CI3SQ 

(HSai4:(0CAij)M ^^SSffe HEI C|3CH(82)2f, £D\ CI3SS OIS9l^(0CAi j ) Oil 

3^ ^^<y^Ef2Je ^§6^ <yS2i ^gd^ 6IS(CSL)M gf^Shfe CI3CH(84)S ?bl&CI. 

^.Ol fe^^eiEfei ^eSJM(40)b, ^»OI Oh^EH (COLMASTER )S SJ^S^ §J§A|^ XI^AI^ XI^Ei 
□I^Ei ^^(COLMSTERD)M #^o^ XI2¥(65)M CH ?blft 4 s 2^Q. 

4^1 is^d^aiei ?esim(40)S¥Ei g^^Ei ^aaei d^(csD^ t misai g oiaioi¥(30)oii ^bi& 

&@ <ys|PI(32)M gJ^SP. ^>0| <y^|P|(32)^ B tfBIS bF2f SOI . &OI SgtfS*! <M^(CSL)2J 

B^OII §96101 . 01ISEI gOiei[0l(36m¥Ei ^gSH blMEiei 8SH(34)M §5H BXI bl 
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eeioi chioiehm £3 asHio. iob)^^ s^^q. 

£3| Sgs? (sO^SSH XIIOl¥(90)^. £31 UIOlEi gjgs* S g<iia(COLCYC)(MI e&8*0l §££1^ 2JS^ 
2! Oil 01 g £!£(PIOSE)S tf4BKCK 

£3| ^H(95)^. £3| £3 2Jg^ Ef£l(IO, IOB)°S 2^9 dlME}°J CHI 01 EH H »X| g 

□ am, £3i *n± sih(95)&. £3i <s±sh eionoia <ys(piosE)2j ftgou 

2|oH. £S Sfojoj QioieiB QIOIEi(RO)S/H SJ«&! £*eJ(gloval 10 line)2^ ^£ 

ffC*. 

£ 3011 £Aia £3| £JEHIUI0I^¥(10)^ £31 S MM EH (5)^¥EH SJ£2j CMD , Ai , DIN, OOUT 

M)M ^6!oH> 0\m £»8*0J niO1^sM(C0LLAT. C0LCYC)3f CHE£ll^(Ai ') §1 gfg&Q. 

S ttBSI WB35!» 61 A| Oil Oil © = £3| &S2HXI £J s. ( COLLAT ) Oil B^o\0\ £31 V3tiB| 
<M^(CSL)3f ejOUOIMSU, £31 UlStfSi <Ms(CSL)OII 216H CHH fill ^011 CH^S^r 1*1* 

£^31(32)3* W££jCH HIMEfei 8BH(34)2* SS^ £*&](I0. 106)01 2^9C[. 3E1H. d|M 

BI2J ^H(34)0il 2J5H g = @ bimeiei QIOIEHfe £3 £*&J(IO. 108)011 CI^HSO. £31 

£nei*Bt aeido. iob)oii p^shs di^si^ chioiei^ £3i &geiixi d^(coLLAT) 019 s^a^ 

Oil 01 EH °Jf^ aS36!S(COLCYC)0ll g&5K>1 gJSSJSieiSS i^^CI • = , £31 CHI 01 eh 

aa^atcoLCYOoii secK* qjoiioims^ 2J#^ *«±sih mo<¥(9om mm ®±®e. cjoiioi 

m <M^(PI0SE)3F I^JilJl, 01 &10II0IM ds(PI0SE)01l 2J6H 2^m^ £l^H(95)3f 

?^£|01, £S aei(IO. 108)011 CISISHS C-JIOI&H^h €;£ CHI 01 EH (RD)^ AH g£g £J2J 

S SJgOII Sims, CHI 01 EH °J0£| <l(C0LCYC)3f e"3*£JCH 2JS§S £l^gS°(95)3* s^cpi 2011, 

01 El £S £f2J(IO, I OB ) Oil QIOIEH^h § = £101 01?, CHI 01 EH S § £J^(C0LCYC)3f 

ei^filW £!^H(95)31 §5, v oH! ^$ EHIOI EH(RD)^h #^£!CK DEfAl , CHI 01 EH 

a(COLCYC)^ ¥EH Gil 01 EH(R0)3* S^SIfe AI Zl tDAC3* S^SP. 

£ 4^ £ 3011 £A|& O^EH S&j ^^¥°J ^ OII« SOI^^ *IM£0|CK 

S ^SOli O^EH ^^¥(50)^, £ 4011 SEAI9 b\& SOI, XI1 1 B»3l(52)a. SI 2 

»a^(55) si o^a w&iuam =?mmo. 

&D\ m m± tt«|3l(52)fe. «3I »eaXI ^SfCOLLADSI tfB( leading edge)OII e&mW ^§ AIZ1 

£31 mi ©«5l{52)fe. 6TPI VSEHXI 6I^(C0LLAT)M ^dSFOI a J2f^6^ S1 1 &S¥(53)2F. 

&J\ ^geHxl (COLLAT) 2} £3! 2¥ (EH. §? BII^S S^o^ 

mi E£(puu)e m^o\t= nn ^^i¥(54)e =?uiea. 

£31 nil ^a¥(53)fe eibHEHS OI^OIXIW, £3| XI1 1 ^^i¥(54)^ fe£| 3II0IM OU^P, 6fU2l tdH 
31101^^ ^^SEf . a^| nil ^^(PULD^ £31 nil ^S¥(53)M ^£6^ ei hH El ^ ^H^Oil 2J6H 
^01 £31 Df^EH e»3|(58)2| ^J^61^^ XUSSQ. 

£31 ni2 1^ ^^31(55)^. £31 Cil 01 Ei ^J^^ S g^^(C0LCYC)2] ^B0|| §&of01 AIZ!§ef 

sioi alas &£6^ ni2 ^^(pul2)m ttaea. 

£3| ni2 1^ ^^31(55)^. £31 CHI 01 El £J#^ S § 6]^(C0LCYC)M 4=616*01 ^S^^offe ni2 
¥(56)2*. £31 CHIOIEH £31 ni2 ^2¥(56)^ 61s3f 2¥ tCH «*0l 31 

^ S£6*^ £31 ni2 ^^(PUL2)M £^S*fe ni2 fc£l¥(57)M q?U|»P. 

£31 ni2 BS¥(56)te £31 nil m± tt«|3|(52)a ^£3^ nil aS¥(53)S* 0*S3*XIS. eiWEH^ 
0|^(HXIW t £31 ni2 S^¥(57)^ fcEl 31101^ Oil & CH ofU2| tHE 3II0IM2* o\US\ 21ti\E\^ Ol¥01 
SC*. £31 ni2 ^^(PUL2)^ £31 ni2 ^S¥(56)g ?£6*^ 2itHEI0|| SJoH ^01 331901, £31 

Oh^EH ^2131(53)21 ni^EiD. 

nam, £3i o^eh aa3i(58)fe. £3i mi «^(puldoii e&s*oi s££ii] ni2 ^^(pul2)oii 

m^o[0\ til#££J^ £31 O^EH M^l (COLMASTER)M tt St D . 

£31 D^EI ^^31(58)^, D ^2^/^ai£i0| SS!e&(Vcc)2* 2§£JH £3| nil ^^(PUL1)°I 

S£0|| gBoKW eiO||OIM£lfe M-S ^^Xl ^Ej (59) 2f , D ^S^/HBIieJOl SXIS^(Vss)^ 2 ^£110 
£31 ni2 ^^(PUL2)°1 ^£011 SBWOl P^0||O|»afe g-QS ^^XI^EI(60)M =?H|»a. 3£|H £ 
31 0*^Ei ^^31(58)^ £31 M-S ^ I-Qf ^X|±E1(59 , 60)21 ^X\o\0\ m^S\ = 

BHXI(61)» CH ?U|»C*. 

H^^of^l^, £31 ^g«XI^EH(59) ^ M^1X|^EH(60)^ 2|2| PMOS ^^1X1^ El % NMOS 

e^XI ^iEHS ^?£E!Q. 

eiXH, £31 SSSHXI 6is(C0LLAT)3* S££|01 £3| O^EI &£S¥(50)£ ^' ^ £1 S . 6*0| Sfl HI SI 

3tXI^ nil ^^(PUL1)3* ST^aC*. £31 nil H^IPULDOII 218H M-S ^e«XI>:EI(59)3* &J0IIOI 
M£JH o*0| 31^21 Dh^EH ^(COLASTER)OI ttflSQ. 

£31 ^gEHXI 6i^(C0LLAT)3* §££112 gJS AIZ1 ^ £31 QIOlEi 2J#^ S 1 ^(C0LCYC)3* S^£J 

enai2j m±m 3fxife ni2 ^^(PUL2)3^ ©aac*. £3i ni2 ^^oii 210H m-qs 

^2!X1^EK60)3f 2J0IIOIM3I2, ^ aiSI(Vss)2| O^EI I» ( COLMASTER ) 0 1 ^SCI. 
£ 5^ £ 30il £Aia S ttSSI Oil £ El £XIM ^S6*fe <^SM2J E|0|°J£0|CI. 

°jXH, g ggOII mm Oil 2 El §X|2| 6ia 111 tfSISa, ^^(CLK)Oll e3|£1CH ^£J£r CHE 
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ej|±{Ai')fe ageflXI 61s(C0LLAT)2| 61B01I i&SIOj OiE£il^(CAi )£ SSSQ. £31 

6Js(C0LLAT)°J 61 & Oil B&o\0\ Of^EH (COLMASTER)OI #£312. £31 

01Eai±(CAi)fe £3| s ^ ( COLMASTER ) M £J S Al 2} XISAI^J OF^EH XI 2 61s (COLMASTERD) 

Oil SS810I, Q2gg OiE3l^(0CAi j)S BttiiaD. £31 CI3£J£j OiE£ll^:(DCAi j > Oil §& 

ofOI oHS US 6!^ 61s(CSL)3* »«scl 

£3i veg^ <m^(csl)2j msou esmoi bi^ei aioiEi^ ^ g»ste!do. iobje^ s^sioi 
c^in^Q afsj(io)3f £s a}ei(ioB)oii tttiJS bi^sjei 0101a si as»3i 

^g^(AVIO) 0I£0| £JS. CHIOI EH EJ^^i S g 61 s(C0LCYC)°l dBOII g&oK* 6!!^ ^— ei CHI 

0|g6l£(PI0SE)3* S^SCf. £31 £S £Jg§! £F2J( 10. I0B)SJ Gil 01 EH Gil 01 Ei (R0)S M 

mm. £3i Git oi ei s86!£(colcyc)2j tieoii e&ofoi £3i ^g^eiefejoi ui»gso. o\m 

?|5Jog A^ a ^ ( Q] 01 EH 61 s(C0LCYC)2| <yB0il ggotOI £31 GF^Ei 

(COLMASTER) 01 dl#££|H. £31 O^EH € ^ { COLMASTER ) 2| ° £011 SSoKH £3| 0\±E\ XI 2 

61 s ( COLMASTERD ) 3 \ dtm£@Cf . £3| O^EH XI £ 6Js( COLMASTERD )£j ^BOil ^SohOI CI 

&g Oi^5il^:(0CAi j )£f 01 Oil oHSSI^f 1*^6!^ 6!s(CSL)3> dlSSSCK 

3il^oHAH, E 50il EAI9 EIOISEM &£6h01 E 2 ^ E 3011 EAI9 &EXII £xl°l B^m 

2Xi, DIIS£| Xil0i6im ^^¥(10)^¥EH 61s(C0LLAT)2f CHIOIEH 

gg61S(C0LCYC)3f OilEEl £ X!IOi¥(20) UIHI U\±& 53 BUS¥(50)£ 0 J^SS. £ 4011 EAIS bt 
a l*g SJ^M e§H. £31 ^gSH^I 61^ Oil g&8f01 &££iH £31 CHI 01 S 13 61 S Oil g&ol- 

01 bl#££J^ D^EH (COLMASTER) 01 gJgjSQ. £31 Q^EH S 3 (COLMASTER) S £3| XI 21 ¥(65) M 
SSH S3AI21 XI££JOi 

§1, OiE£il^(Ai £31 &gEHxl 61 S(C0LLAT)3> °J^£J2 &3 Oi^fll^ XII CH ^ ( 70) Oil 2HXIS3. 

CHHai^(CAi)^ ST^SQ. £31 &g CHEeil^(CAi)2f Of^EH XI 2 61 S ( COLMASTERD ) &g 

CI3S¥(80)S £J^£j:Q. CI3SS OiE3l^(0CAi j ) Oil oHS9£r SggejaiSJe ^PSoPI U 

g^iH <M^(CSL)3^ mg®&Q. £31 ^g^SI <M^(CSL)011 2J6H CHE^I^Oil □§£l^ bl^^£l 

gyH(34)2* ^ °J#^ £fO|(| 0 , |0B)0l bl^Siei (34) Oil 2J6H bIMEl 

oj CHI 0| EH Sf2j(l0, IOB) CHI cisjshsci. 

fil, £31 tt@EHXI 6is(C0LLAT) 01^ £J^£Jfe £31 Gil 0! EH ^J^^ 9 8 6J^(C0LCYC)0i| e&ofOI EJ 
{yi^gyH Xil OH ^ (90)31- o]0i|0IM£JCH EJ^^ iH^g^H 2J0IIOIM <Us(PI0SE)3| #£E1D. £3| °J 
f» M^r^H eiOilOlM <M^( P |OSE)Oil ^^:^H(95)3^ ?§£i5, £31 

£fei(IO, I OB) Oil CI 3 01 2i0 bl^Efoi CHI 0| EH . CHIOI Ei (RO)S/H <&m^ £[°J2f 

^, CHIOIEH SJ#^ S^6!m(C0LCYC)3f ei3^3| S ^gSHXI 61 s ( COLLAT ) Oil 2J5H VS^BI 6Js(CSL) 
D\ #£^£101, 01 £| ^ HfeJdO. 108)011 CHlO|E13f §^£JCH ^ai3il £101, CHIOIEH ^J^^ Si 

6!^<C0LCYC)3f &J3IEI01 °J ill^^ H(95) 3^ §»5fS, ^ ^fiidO. I OB ) CHI CI^^HS CHI 

oiEi3i- e^scH m^m 2im^ eieicni e^sa. 

W&M. CHIOIEH EJe^ S^61s(C0LCYC)3h gj^S ^ <^ ^61 ^(CSL)3^ ?§£|2, 2J^^ Ef^l 

^(10, IOB)HJ CHI0|EH3^ fig© S&X|OI( AVI0)3| UEiy ^OilO^ tii^^: CHI 01 EH (RD)3|- eBJi^J 

S^2f blUofOI M ttH. 0^ EH (COLMASTER) ^ k ^OIU. Ul! P2S , 61^£fei ^1 

^i^^^ej^do, i ob) on gj£ a&a ©a eoii ^ss^ aizioi g^ fc @p. 3 chioiei s 

g6Js(C0LCYC)^¥E1 CHS 01 Ei 3 1- #§*3£rCHI tOAC3^ U^QD. 

ES3f S AiiAHOilAi ^AlOliMOl 3|XH3Sia. 0|3|>M. §Oi§0l A^g£ISlo Ui 0 |*r E+XI S 

iSI ^SoPI 9I& =^0ilAi AfgEl 5101X1 °IOl£[§0|U mo\ S 1 ? g^Oil 3|Wi@ ^ i^gSJ S^iM 

«I^6I3| ^ioH AFgEl 5101 OfUCf. VI S ^S2J 21 £1 g^fe S¥9 ^oi §^ g^l£| 31 ^» Af 
£Oil 2I6H SSHXiOt g 51010. 



£££ bf2l ^01 S g^SOII CDE ^Exil OilS El §x|fe, OiE5ilA3f ^^£i^ ^^£Hxl 6!^ Oil g&o^ 
01 ^gd^Eteis Qi E| §£^A|3i § £ EH Oil Aj , £3| 0iE3l^2| 4^61 S§ 6J^ei Ql 01 EH ^J#^ S 
g<M^^^ e]3^£|3| CEH@0{| . CHI 01 Ei SJ^^ S^6i^ oi^ f s m ^ Ei^^ ^H3^ ^§£1311 

CHI 01 EH M e^AI^ 1 4= SiCf. COElAi, 61^ ^E3f 61901 , ^^^E^ CHIOI El EJ^^ Si 

«61sSVEi CHI0IE13F ^^£1^ AI^&J tDAC3^ 2££|0i CHIOI EH ^E3^ ^SQ. 



oiiEdi sxisj ag^siejei ^ssjschi aioiAi, oiEBii^e 2iixiAi3i^ djsoii g&sfoi 

eiOHOIMSH, £31 &g CHE£II^^ S§6isei CHI 0 1 Ei S§61^0il e^o^OI CI^0il0|g£J^ ^ 

g6!^ 61SS ^^6^ ^^6j^£fei ^blolU, £3| &g 61^Ef2J ?§^, £31 ^^£Hx| 

61 SOil m&o\0\ 2iOilOIM£JH. £3| CHI 01 EH 2Jg§3 SI 61 SOil m^o\0\ Cl^OIIOIgS^ O^Ei 
^^o^ OI^EH £31 ^^BHXI 61 S Oil g&otOI EJ^£1^ OiESil^g OiEfill^S g 

^Slfe OiEfill^ £Hx|¥: Ss! £31 O^EH £3| OiEai^M gJ^ohOI £31 ^g OiESlI 

^Oil 6HS£J^ ^^61^E|^1M ^iol^ C|3S¥M ^Pblo^DI. £31 2«X| 61 £3| QIOlEi 

s^61^sq ^§ aiz) rixh ei oil 01 g a ^ 6is^s 6^ ^^6i^aiei ^pesj^. 
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goltr *JI1 g^offe XIII g£ ttfl?!: £21 Ql 01 EH £J#^ gg<M^2J <MCfO|| ggofOI Al 

ggotfe Jt\2 &±m ^^o\ = M2 m± »«PI: £ £M JIM ^^Oil §S6K)1 M2 W 

±<hi s&sk* dis^£j^ g?i o^a m^m ggsife o^a ge* ^jim ^dim^ ^s^^ 

S 1 ?^ 3 

XII2£frOII ?10\M, £D\ K\^ E^S^Ife. U§2H£I ^Jsi ^6iot01 &}2 g^8*fe 

SSEHXI d^2f 5¥ ttH , ^¥ ai^M »g8H=: £D\ 911 g^M # 

a^s 4 

3928011 2*1 Oi Ai , &3| HI2 l^^JI^. #31 QIOIEH SJg^i ggtisM 4^of01 SlSi^o^ 

¥; £D\ Gil 01 EH gjgsj Sg<M^2f ^?£| *s< 6) a 31- 2¥ *3V (Hi , oFOI S(|gJ£ Sgo*^ 

M2 m±m m^o\^ ^^\^m ?uis*fe 3^ u* <y^£fpj ^g^M. 

a^s 5 

HI280II 2J0UH, #21 O^Ei »£Plfc, D ^S^/ESIIPJOI &3I XI1 1 E£2l 

& ^ chi ssskh oi on oi Ma ^ s-s ^xi^eh: d ^s^/naipjoi s xi s ^ v m- 2S9n 912 ^ 
^21 £fr£oii ssof« ci^oiioiMa^ M-a^ m^xi^eh; sj »-a ai i-as m^xi^eh°j e 

a^s 6 

an son ^cHAi, &31 <y^Ei°j ^i?^, o^eh tis.m sj^sm sisAia xiqai^ 

g^Shfe XI 2^ M CH =?dlo*fe 3g fS2£ »te £^9J 
7 

XII moil 2iOUH , Dliedl SXIfe ^dl^ Cm (Rambus DRAM ) 21 51 ^§2S l^g ^^£f°J 

8 

QiHSil^M £Hx|A|3l^ i^eHxl 6!S£} ^Ol OiHeil^SJ ^£iH S^8^ PI 01 EH S 

g<M^0il fgoiOl 2J^£lfe OIHfill^S P3S5I2, oHS£J^ ^g<Mi«E|o|s zpsg^ UiJ£ii«2|oi 

?g^; 401 OilSai SXIfil tilM^oi Gfl 01 El* 1^X1 g^ofe til^^oi >Mi^ g^H£f , ^^1 ^S^^SJ- 

9J2J S^OII g&SK)1, M^l e^EI dlMei9J Ell 01 EH M SlSf^ £f°J( local 10 line)^^ S^o^ 

^eh^i : chi o i eh s^<y^oii §gofoi ^^a^ eioiioiM tin 

2J^^ Aii^oyc ^|CH«; °! mj\ ^ oj^^ £foi2§ 2^9 dl^^oi CHI 0 1 EH M ^Xl m^o\ 
H, ^Ol gj*^ eiCHIOIS £is.2\ mg&OU ^,01 2J#^ CHI0IEHS 2J 

eiPJ(gloval 10 I i ne)2M ^J^^ &± ?d|6HQ, &OI ^g<y^eiPJ& 

EH x| 6! S0I1 m&*\W 9J0ilOIM£JH, 4PI CHI 01 EH ^J#^ S^^sOII eSo^Oj CI^OHOIMQ 01 , U 
^2HX|<M^^ CHI 01 EH Sg^aSC} AIZ} 2XH 9J01IOlMa^ 6!l°=Ji 

OllSdl s«. 

9 

mseron &chai. ^^i <y ^eiei ^©ehxi ^jsoii e&6hoi pjonoi^an, m\ ai 

oieh ejs^ s^<ysoii sesfoi p^oiioiMa^ o^eh ^^6^ q\±e\ grasis; ^,^1 
^^eHxi £j^oii ^esKX ^j^a^ cn^eii^s chh^i^^ s-^sffe &m oiHeii^ £Hxi¥; £Pi 

Q^Ei M^l OiH^I^M SJ^ShOI ^Ol OtHai^Oil oHS£l^ ^g^^^PJM =? 

a^?& 10 

0il2d| SXI2I ^e^SOil ^OIAI, (a) CH^ai^M SJ^ofe B3j|; (b) VBeRXI <yBOII e&oj 

011 m&z\o\ di^y&j gSHoii s\m chioiehm ^e^eipjo^ ^^of^ b^i; (<j) 

&gBHXI61SSD ±% A!ZI ^Oil 9J0H0IM£J^ CHIOlEi ^S#^ dlBOII E&^OI 

01OIIOIM *£»8t0| o'^^aiojoj CHI 01 EH M ^g^BIPJ^S S^ohfe B 

31: * (e)^PI CHI 01 & ^j^^ S§<U^°J £B0JI g&SKM ^^1 ^g<y^B|PJM dlS^Bfe B31S ^ 

dio^ ^s^s 6>fe oiieai §xi 
s^p& 11 

anoeron ^oiai, »pi (b) eaite. (bD ^seHxi d^oii *&8(oi sj^q ^^i oineii^M ^r^i *b 

CHHeil^S ^o|2, O^Ei ^^8^ B3I; (b2) ^>^l O^EH ^^51 ^Of CHHeil^M 4= 

61SF01 H El Ua&ia ^ * OiHBII^e &^8te B^l: * (b3) ^31 MEI DISSS! OiSfill^Oil 
oH&£J^ ^^^^^9JM S^^Shfe 3311* ?dl3^ ^S^^ 8 ^ DIIS£I SXI 

12 
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®± <&Rm OilS^l §x|2j <m^^oj zpg mgoil SiOUi . (a) OiHSI^M SJ^io^ 

S»S^ ; (c) Df^E-i US CH^ai^M ^£]6KH H£l U3gS I^OIE 

^ (e) £31 £Jg^ XII 01 6^ C1I0IE1 g^£J^°1 ^ Ef CHI §&of01 & 
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